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31.  I ~ ~ o ~ u c T I o ~  
of a series of r e p o r t s  con 
hniques i n  the a n a l y s i s  an 

) networks. This  class 
lements, namely, d i v t r i b  
1 equat ions) ,  lumped e l e  
a r y  d i f f e r e n t i a l  equat ions) ,  and a c t i v e  elements 

road class of c i r c u i t s  r e f e r r e d  t o  as l i n e a r  i n t e -  
y a lgeb ra i c  r e l a t i o n s )  . Such a cha rac t e r i za t ion  is  e s p e c i a l l y  

- -  
gra ted  c i r c u i t s ,  s ince  the f a b r i c a t i o n  techniques f o r  such c i r c u i t s  
r e a d i l y  produce elements which may be r e fe r r ed  t o  as "dis t r ibuted",  as 
w e l l  as  producing elements which may be charac te r ized  as "lumped" o r  
"active". The DLA class of networks i s  capable of r e a l i z i n g  network h. 
func t ions  wi th  a w i d e  range of p rope r t i e s .  I n  addi t ion ,  such realiza- 
t i o n s  usua l ly  have fewer components and supe r io r  c h a r a c t e r i s t i c s  t o  
r e a l i z a t i o n s  us ing  only lumped elements o r  r e a l i z a t i o n s  us ing  lumped and 
a c t i v e  elements. 
however, i s  considerably more complex than t h a t  f o r  more r e s t r i c t e d  classes 
of networks. One of the more f r u i t f u l  approaches t o  tho a n a l y s i s  problem 
i s  t h a t  afforded by thk  d i g i t a l  computer. I n  t h i s  r epor t ,  the  r e s u l t s  of 
such an approach a r e  documented. Spec i f i ca l ly ,  the  r epor t  w i l l  descr ibe  
the opera t ion  and use of the  d i g i t a l  computer program DLANET, a program 
designed t o  make s inusoida l -s teady-s ta te  ana lyses  of DLA networks. The 
d i s t r i b u t e d  elements w i l l  be r e s t r i c t e d  t o  being r e s i s t i v e  and capac i t i ve  
i n  behavior, s ince  such elements most c l o s e l y  model those r ea l i zed  by i n t e -  
grated c i r c u i t  techniques.  The program i s  q u i t e  general  and i s  e a s i l y  
extended t o  o the r  network s i t u a t i o n s .  

The a n a l y s i s  problem f o r  the  DLA class of networks, 

11. THEORY OF OPERATION 
One of t he  major problems encountered i n  analyzing DLA networks i s  

the  problem of adequately modeling the  d i s t r i b u t e d  elements. An a t t rac t ive  
approach t o  the  modeling of such elements i s  the use of i t e ra t ive  techniques.  
Such ern approach has the  advantage t h a t  i t  i s  r e a d i l y  adaptable  both t o  the 
uniform d i s t r i b u t e d  element and t o  the t a p e r e d  d i s t r i b u t e d  element. Fur ther -  
more, the  modeling i s  independent of the mathematical form of tha taper ,  
i .e.,  t he  taper need no t  be simply descr ibed.  Since s o l u t i o n s  t o  r e l a t i v e l y  
simple tapers can  be q u i t e  involved mathematically ( f o r  example, Bessel 
func t ions  are required i n  the s o l u t i o n  f o r  l i n e a r l y  tapered d i s t r i b u t e d  
elements),  t h i s  advantage can be of considerable  importance 

The model which w a s  chosen f o r  t he  d i s t r i b u t e d  elements f o r  the  program 
descr ibed i n  t h i s  r epor t  i s  a cascade of lumped RC "L" sec t ions .  A t yp ica l  
s e c t i o n  i s  shown i n  Fig. 1. Assuming t h a t  t h i s  is the  "kth" sec t ion ,  i t  

be considered as a two-port network, and vol tage  and c u r r e n t  v a r i a b l e s  
ned as indica ted .  Under condi t ions  of s inuso ida l  s teady-s ta te  excita- 
, the  equat ions descr ib ing  such a s e c t i o n  may be w r i t t e n  i n  the form 

Xk TDkXk+l 

where 



and f i s  the frequency i n  Hz. The square matrix TD g ives  the  t ransmission 
parameters of the k t h  sec t ion  of t he  model f o r  the $ i s t r ibu ted  l i n e .  
t ransmission parameters of the o v e r a l l  d i s t r i b u t e d  element may thus  be repre- 
sented as the product of the t ransmission parameters of the cascaded sec t ions .  
I f  t he re  a r e  n such sec t ions  and i f  w e  l e t  TD be the  mat r ix  of t ransmission 
parameters wi th  elements td f o r  the ove ra l l  d i s t r i b u t e d  element, w e  may 
w r i t e  

The 

i j  

TD = [tdi] = TD1 x TD2 ... TDn ( 3) 

Thus w e  have obtained a set of two-port parameters which model a d i s t r i b u t e d  
RC network. 

Since the d i s t r i b u t e d  element, i n  general ,  w i l l  be combined wi th  lumped 
and a c t i v e  elements t o  form a DLA network, a more appropr ia te  set of para-  
meters t o  descr ibe  i t  i s  the admittance o r  y parameters.  I f  w e  l e t  YD be 
the  2 x 2 matrix conta in ing  the y parameters of the d i s t r i b u t e d  network, w e  
may express  YD i n  matrix of (3) as 

( 4 )  

Fina l ly ,  to f a c i l i t a t e  an even g r e a t e r  gene ra l i t y  of interconnect ion,  i t  
' i s  most usefu l  t o  generate  the i n d e f i n i t e  admittance parameters of the  d i s -  

t r i bu ted  element. 
conta in ing  the  i n d e f i n i t e  admittance parameters of the d i s t r i b u t e d  elerhent, 

I f  w e  l e t  YDI be the 3 x 3 mat r ix  wi th  elements ydi.  

L - Y d l l  - Yd21 

Thus, i f  we select  d q u a n t i t i e s  R and d q u a n t i t i e s  C and a s p e c i f i c  
frequency f ,  we can c a l c u l a t e  the i n d e f i n i t e  sdmittanc% matrix f o r  a d i s -  
t r i bu ted  element under condi t ions  of s inusoida l  s t eady- s t a t e  e x c i t a t i o n  a t  
t h a t  frequency. The e f f e c t  of choosing var ious  values  of d, i .e . ,  using a 
model wi th  d i f f e r e n t  numbers of lumped sec t ions  has been discussed i n  a pre-  
vious r epor t .  1 

The next s t e p  i n  the a n a l y s i s  of the U L A  network is  t o  in te rconnec t  the 
d i s t r i b u t e d  element (or elements) wi th  the spec i f i ed  lumped and a c t i v e  ele- 
ments, and t o  solve the r e s u l t i n g  network f o r  the d e s i r e d  t r a n s f e r  funct ion.  
The in te rconnec t ion  of the  d i s t r i b u t e d  and lumped elements i s  r e a d i l y  accom- 

i i 



i ng  an interconnect ion network of the  type shown i n  Fig. 2 i s  simply 

of any th ree  terminals of the  interconnect ion network i s  s i m p l y  t o  add the  
elements of Y D I  t o  the  appropr ia te  elements o f L t h e  n x n n u l l  matr ix  repre-  
s en t ing  the in te rconnec t ion  network. S imi la r ly ,  the  e f f e c t  of any lumped 
elements may be represented by adding the  conductance ( f o r  r e s i s t o r s )  o r  
the  s u s c e p t i b i l i t y  ( f o r  capac i tors )  t o  the appropr ia te  elements of the 
admittance matrix.  The r e s u l t i n g  matrix,  g iv ing  the combined e f f e c t  of the 
d i s t r i b u t e d  and lumped elements w i l l  be r e fe r r ed  t o  as YT (for X x o t a l ) .  

meters oE the  network of d i s t r i b u t e d  and lumped elements t o  take account oE 
the  a c t i v e  elements. For s i m p l i c i t y ,  we s h a l l  consider  the e f f e c t  of con- 
nec t ing  a VCVS (vol tage-control led vol tage source) of gain l / A  from node n 
t o  node 2 of the interconnect ion network as shown i n  Fig.  3. The e f f e c t  of 
such a source is t o  reduce the n x n array of the  matr ix  YT to  a (n - 1) x 
(n - 1) array ,  by reason of the c o n s t r a i n t  equat ion V * ( l / A ) V  imposed on 
the  network var iab les .  
wi th  elements ycij .  

T b  next s t e p  i n  our  a n a l y s i s  of the  DLA network is  t o  modify the para- 

L e t  YC by the  (n - 1) x (n - I )  constraynsd a r r a y  
It i s  e a s i l y  shown tha t2  

r 1 

matrix YC i n t e r r e l a t e s  c e r t a i n  of the  vol tage  and cu r ren t  va r i ab le s  of 
rconnectfon network. Thus, w e  may write - 

I1 

5 

v1 

. 
‘n-1 



t r a r y  number of sources connected t o  any des i red  nodes, thus, the  f i n a l  
s ize  of the  matr ix  YC w i l l  be n - ng, where ng i s  the number of VCVSs which 
are present  i n  the  network. 

The f i n a l  s t e p  i n  the a n a l y s i s  of the  DLA network i s  the  reduct ion of 
the  (n - ng) x (n - ng) a r r a y  YC t o  a 2 x 2 a r r a y  from which the  vol tage 
t r a n s f e r  func t ion  of the  network may be computed. To do t h i s ,  we may note 
t h a t  s ince  node 1 has been se lec ted  as the  input  node, only the  cu r ren t  
I i n  the column vec tor  on the l e f t  of (7) w i l l  be non-zero. Therefore,  
by s i m p l e  matrix a lgeb ra i c   relation^,^ i f  w e  wr i t e  YC i n  the  form 1 

(n-ne-1) co la  

Then, we may wr i t e  

Equation (9) i s  e a s i l y  programed f o r  the d i g i t a l  computer and avoids the 
need f o r  a matrix invers ion  operat ion.  Successive app l i ca t ions  of (9) may 
be used t o  reduce the equat ions of (7) t o  those de f in ing  a two-port. These 
w i l l  be i n  the form 

( 10) 

where Y is the  2 x 2 matrix wi th  elements y i .  de f in ing  the two-port network. 
From the  y . two-port parameters of ( l o ) ,  an$ d e s i r e d  network t r a n s f e r  
func t ion  m& be spec i f ied ,  f o r  example, for the  open-c i rcu i t  vol tage t r ans -  
f e r  funct ion w e  ob ta in  

v2 -y2 1 

*1 y2 2 
- m -  

The algori thms f o r  generat ing the parameters of the d i s t r i b u t e d  element 
and f o r  in te rconnec t ing  the d i s t r i b u t e d ,  lumped, and a c t i v e  elements a r e  
r e a d i l y  programmed f o r  the  d i g i t a l  computer t o  produce a t abu la t ion  (or  a 
p lo t )  of the magnitude and phase of the vol tage t r a n s f e r  func t ion  of the  
spec i f i ed  DLA network as a func t ion  of frequency. In  the following sec t ion  
of t h i s  repor t ,  the  opera t ion  of the  program DLANET containing these algo-  
rithms is descr ibed.  

1x1. THE DLANET PROGRAM .. GEMERAL CHARACTERISTICS 

The DLANET program i s  a d i g i t a l  computer program w r i t t e n  i n  FORTRAN IV 
and designed t o  provide a w i d e  v a r i e t y  of op t ions  and f e a t u r e s  i n  the s inu-  
s o i d a l  s teady-s ta te  ana lys i s  of DLA networks, and i n  the d i sp lay  6f the  
r e s u l t i n g  data. It  has been developed f o r  a CDC-6400 computer but it i s  
r e l a t i v e l y  machine independent. It  is s u i t a b l e  fo r  u s e  on a wide range of 
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medium to  l a rge  s i z e  computers. 
and a series of subprograms. A l is t  of the name and func t ion  of each of 
the subprograms follows: 

DISRP - a subrout ine designed t o  read  the  d a t a  def in ing  t h e  d i s t r i -  
buted networks and t o  compute the va lues  of the r e s i s t o r s  and capac i to r s  
used t o  determine the  lumped models f o r  them. Options are provided to 
permit the s p e c i f i c a t i o n  of uniform, exponent ia l ,  polynomial, o r  a r b i t r a r y  
taper., 

spaced numbers. Thus i t  can be used t o  generate  the  values  of frequency 
needed f o r  p l o t s  i n  which the frequency scale is  logari thmic r a t h e r  than 
l i n e a r .  

YDIST - a subrout ine designed t o  compute the  admittance parameters 
of the d i s t r i b u t e d  networks, using the  values  of lumped r e s i s t o r s  and capa- 
c i t o r s  determined by DISRP, and whatever value of frequency i s  des i red .  
The subrout ine a l s o  s t o r e s  the  parameters i n  the  appropriate  elements of 
the  admittance matrix f o r  the  e n t i r e  DLA network. 

the  DLA network i n  such a way as t o  include the e f f e c t s  of the VCVS a c t i v e  
elements i n  a manner similar t o  t h a t  shown i n  (6). 

matrix f o r  the DLA network t o  2 x 2 size ,  using the algorithm given i n  (9), 
thus,  i n  e f f e c t  providing a so lu t ion  t o  the  network equat ions.  

PLOT - a subrout ine designed to  p l o t  the  magnitude and phase va lues  
which have been determined f o r  each of the frequencies  a t  which the pro- 
gram has been run. 

such a way as t o  provide the  des i red  steady-state ana lys i s  c a p a b i l i t y  f o r  
DLA networks. A flow c h a r t  of the main program is  given i n  Fig. 4 .  This  
i n d i c a t e s  the way i n  which the var ious  subrout ines  are incorporated i n t o  
the  log ic  used i n  the program. It is r ead i ly  v e r i f i e d  t h a t  t h i s  flow c h a r t  
follows the  general  theory out l ined  i n  Sec, II of t h i s  repor t .  

dimensioning of the  var ious  va r i ab le s .  For the  dimensioning given i n  the 
program l i s t i n g  included wi th  t h i s  repor t ,  DLANET has the following maximum 
l i m i t s  : 

The program c o n s i s t s  of a main program 

xL4 - a func t ion  designed t o  provide a sequence of logar i thmica l ly  

CONST - a subroutine designed t o  cons t r a in  the admittance matrix for 

C m E D  - a subrout ine designed t o  reduce the order  of the admittance 

T h e  main program l i n k s  the subprograms described above together  i n  

The c a p a b i l i t i e s  of the program DLANET a r e  determined mainly by the 

Number of network nodes (not including the reference node) - 14 
Number of d i s t r i b u t e d  networks - 5 
Number of s ec t ions  p e r m i t t e d  f o r  each d i s t r i b u t e d  network - 50 
Number of lumped elements - no l i m i t  
Number of gain elements of VCVS type - 5 

Several  op t ions  and f e a t u r e s  a r e  provided to  make the  program as f l e x i b l e  
as poss ib le  f o r  the  u s e r .  These are: 

l i s t i n g s  and p lo t s .  
The frequencies  a t  which the  DLA network i s  t o  be analyzed a r e  

determined by spec i fy ing  the  lower and upper f requencies ,  the  number of 
intermediate  f requencies  a t  which computation i s  d e s i r e d ,  whether the f r e -  
quency sca l e  i s  to  be l i n e a r  o r  logarithmic,  and whether the frequencies  
are spec i f i ed  i n  Hz o r  rad lsec .  

magnitude of the  vol tage t r a n s f e r  funct ion,  o r  t o  p l o t  both the  magnitude 
and the  phase. To keep the s i z e  of the  program reasonable,  the  p l o t t i n g  

1. A desc r ip t ive  t i t l e  is pr in ted  a t  the head of a l l  output  d a t a  

2 .  

3,  The user  may choose t o  suppress a l l  p l o t t i n g ,  t o  p l o t  only the 
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subrout ine has been s impl i f ied  so t h a t  no i n t e r n a l  s ca l ing  of data i s  pro- 
vided. Thus, the  user  must s e l e c t  the necessary scale f a c t o r  t o  be used i n  
mult iplying the  magnitude and phase data as wel l  as the maximum value of 
the  ord ina te  des i red  on each of the p l o t s .  

expressed both as an a c t u a l  magnitude and also in ' dec ibe l s .  
va lues  may be used f o r  the  p l o t .  

t o t a l  r e s i s t ance  and capacitance,  and the desired number of sec t ions .  

the  number of sec t ions ,  and the  i n i t i a l  values  of the r e s i s t ance  and the  
capaci tance and the  taper .  As an a l t e r n a t i v e ,  the  t ape r  may be computed by 
spec i fy ing  the i n i t i a l  and f i n a l  values  of the  capaci tance o r  the! r e s i s t ance ,  

7. Polynomial t ape r  d i s t r i b u t e d  networks may be modeled by spec i fy ing  
the  number of sec t ions ,  the i n i t i a l  values  of the  r e s i s t a n c e  and the  capa- 
c i tance ,  the  length  of the l i n e s ,  and the c o e f f i c i e n t s  of the  polynomial 
determining the  taper. Up t o  10 polynomial c o e f f i c i e n t s  may be used, and 
these  may be d i f f e r e n t  f o r  each of the  d i s t r i b u t e d  networks. 

i n  the a c t u a l  va lues  o f  the  r e s i s t o r s  and the  capac i to r s  f o r  each sec t ion  
of the network. 

9. An output  l i s t i n g  is  provided f o r  each computation g iv ing  the 
values  of frequency ( i n  Hz and rad/sec), the  magnitude of the vol tage t r a n s f e r  
fuliction ( i n  l i n e a r  measure and i n  dec ibe ls )  and the  phase i n  degrees ( i f  
phase determinat ions are des i red) .  As a convenience, punched card output 
of t h i s  data may also be requested.  

10. Since the  modeling of the d i s t r i b u t e d  network parameters may be 
t i m e  consuming i f  many lumped network sec t ions  are used t o  model the d i s -  
t r i bu ted  element, a provis ion i s  included which makes i t  poss ib le  t o  make 
only one computation of the d i s t r i b u t e d  network parameters a t  a given f r e -  

'quency, and t o  use t h i s  data f o r  a l l  o the r  d i s t r i b u t e d  networks (assuming 
t h a t  they are i d e n t i c a l ) .  

vo l tage  t r a n s f e r  func t ion  has been computed f o r  a range of f requencies ,  
va lues  of the parameters may be changed, and the  computation repeseed f o r  
the  new parameter va lues .  I f  des i red ,  the  user  may choose t o  read i n  only 
se lec ted  parameter values  r a t h e r  than repea t ing  a l l  reading and computing 
operat ions.  The d a t a  f r a n  these mul t ip le  cases  may be p lo t t ed  on the  same 
p l o t ,  using the cha rac t e r  A t o  represent  the locus f o r  the  f i r s t  set of 
da ta ,  the  cha rac t e r  B t o  represent  the  locus f o r  the second, e t c .  Up t o  
f i v e  simultaneous p l o t s  may be d i s p l a y e d .  

D e t a i l s  of these and other f e a t u r e s  and opt ions  of the  program are 
described more f u l l y  i n  the  following sec t ions  of t h i s  repor t .  

4. The magnitude of the vol tage  t r a n s f e r  func t ion  i s  computed and 
E i the r  of these 

5. 

6. Exponential taper d i s t r i b u t e d  networks may be computed by spec i fy ing  

Uniform d i s t r i b u t e d  networks may be computed by spec i fy ing  the  

8 .  A r b i t r a r i l y  tapered d i s t r i b u t e d  networks may be modeled by reading 

11. The program includes a mult iple-case option, i n  which, a f t e r  the 

IV. THE DLANET PROG - DETAILS OF OPEUTION 

I n  t h i s  s ec t ion  of the report ,  the  de t a i l s  of the operat ion of the 
v a r i o u s  portions of the  DLANET d i g i t a l  computer program f o r  the  s inusoida l  
s t eady- s t a t e  ana lys i s  of DLA networks i s  presented. I n  s tudying t h i s  
mater ia l ,  reference should be made t o  the  flow c h a r t s  and l i s t i n g s  pre- 
sented i n  the Appendix of t h i s  report. 

The main program, and the subrout ines  DISRP, YDIST, CONST, and CMRED 
described i n  the  preceding sec t ion  a r e  l inked through the use of comoned 
va r i ab le s .  A l i s t i n g  and desc r ip t ion  of these va r i ab le s  and t h e i r  dimen- 
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sioning follows: 
YR(lS,l5) - 

R(15, lS)  - 

RD(5,SO) - 

NSECT(S) - 
Nl(5) - 
N2(5) - 
N3(5) - 

m -  

ND - 
RAD - 

K D -  

NREP - 

NGAIN - 
NGl(5) - 
NG3(5) - 
JL(5) - 
GA(5) - 

This i s  a complex a r r ay  i n  which a r e  s tored  the  values  
of the admittance parameters which have been computed 
a t  some s p e c i f i c  value of frequency f o r  the D I A  network. 
These values  a r e  read i n  ohms, and are converted t o  mhos 
before  s torage  i n  the  a r r ay .  
A r e a l  a r r ay  i n  which i s  s tored  the admittance parameters 
of the  r e s i s t i v e  lumped elements which a r e  used i n  the 
DLA network, These values  a re  read i n  ohms, and a r e  con- 
ver ted  t o  mhos before s torage  i n  the array. 
A r e a l  array i n  whlch i s  s tored the values  of the a d m i t -  
tance parameters of the capac i t i ve  elements (without 
being m d t i p l i e d  by frequency) of the DLA network. The 
u n i t s  a r e  fa rads .  
A real a r r ay  i n  which a r e  s tored  the values  of the  s e r i e s  
r e s i s t o r s  used i n  the lumped approximation t o  the d i s -  
t r i bu ted  RC networks. These are s tored  as FU)(I,J) where 
I i s  the  number of the  d i s t r i b u t e d  network and J is  the  
number of the  lumped sec t ion .  
A real. a r r a y  Zn which a r e  s tored  the values  of the shunt 
capac i to r s  used i n  the  lumped approximation for the  d i s t r -  
buted networks. These a r e  s tored as CD(1,J) where I i s  
the  number of the d i s t r i b u t e d  network and J is the  number 
of the  lumped sec t ion .  
The number of s ec t ions  t o  be used to  approximate d i s t r i -  
buted networks 1 - 5. 
The numbers of the  nodes to which the x = 0 end of the  
r e s i s t i v e  l aye r s  of d i s t r i b u t e d  networks 1 - 5 a r e  connected. 
The numbers of the  nodes t o  which the x rP 0 end of the  
r e s i s t i v e  l a y e r s  of d i s t r i b u t e d  networks 1 - 5 are Connected. 
The numbers of the  nodes t o  which the  capac i t i ve  layers of 
d i s t r i b u t e d  networks 1 - 5 are connected. 
The number of nodes i n  the DLA network (not  including the 
ground node). 
The number of d i s t r i b u t e d  networks i n  the  DLA network. 
The value of the  frequency va r i ab le  i n  radlsec. 
An i nd ica to r  giving the  number of the  d i s t r i b u t e d  network 
whose admittance parameters a r e  cu r ren t ly  being computed 
by YDIST. 
A var i ab le  used t o  spec i fy  the  r e p e t i t i o n  of a l l  o r  c e r t a i n  
po r t ions  of the main DLWET program 60 as t0  provide a 
mul t ip le  case c a p a b i l i t y .  
The number of VCVS gain elements. 
The numbers of the  nodes t o  which the pos i t i ve  p o l a r i t y  
end of the  source por t ion  of VCVSs 1 - 5 are connected. 
The numbers of the node vol tages  which con t ro l  VCVSs 1-5. 
The number of the  nodes which it is  d e s i r e d  t o  e l imina te  
i n  applying the  c o n s t r a i n t s  imposed by VCVSs 1 - 5. 
The value of the gains  of VCVSs 1 - 5. 

These va r i ab le s  w i l l  be r e fe r r ed  t o  i n  the desc r ip t ion  of the  operat ion of 
the  var ious  subprograms of the DLANET program which follows: 

SUBROUTINE DISRP 

A l l  input  and output  v a r i a b l e s  a r e  i n  common. I t  goes through ND cycles .  
This  subrout ine reads and p r i n t s  the d a t a  f o r  the  d i s t r i b u t e d  networks. 



where d is the  total  length  of the  &ne, and stored i n  RD and CD. I f  ALFA 
i s  read i n  as zero,  then i t  w i l l  be computed from the values of RA and RB 
( the  f i n a l  r e s i s t ance ) .  If RB i s  read in as zero? ALFA will be computed 
using CA and CB (the f i n a l  capaci tance) .  I f  NOPT = 3 (a polynomial taper ) ,  
NP ( the  number of polynomial c o e f f i c i e n t s )  , R I  ( the  i n i t i a l  res i s tance)  , 
C l  ( the  i n i t i a l  capacitance) and XT ( the  total length  of the  l i n e )  are 
read in ,  as are the  NP c o e f f i c i e n t s  P(1). The lumped r e s i s t o r s  and capa- 
c i t o r s  a r e  than computed t o  match the  r e l a t i o n s  

2 r (x)  = ri (1 f plx = p2x f ...) c(x) = c i / ( l  f plx f p2x2 + ...) (13) 

amd s tored  i n  RD and CI). I f  NOPT = 4 ( a r b i t r a r y  t ape r ) ,  the  values  of 
RD and CD a r e  read i n  d i r e c t l y .  

FUNCTION XL4 (H, LO, LP) 

mical ly  spaced frequency values  which have been generated. This  counter  
is  advanced by 1 a f t e r  each ca l l  of the funct ion.  It i s  set t o  1 (var iab le  
NLG) i n  the main program before the  f i r s t  cal l  of the funct ion.  The func- 
t i o n  genera tes  LP logar i thmica l ly  spaced numbers per  decade s t a r t i n g  wi th  
a value (corresponding t o  N = 0 )  equal  to the an t i logar i thm of LO. The 
c a l l i n g  arguments used i n  the  main program f o r  LP and LO are NG and LOG1. 

SUBROUTINE YDIST 

networks and stores them i n  the YR array, A l l  input  and output  va r i ab le s  
a r e  i n  common. The va lues  s tored  i n  RD and CD, and the cu r ren t  value of 
RAD is  used t o  compute the  t ransmission parameters of each sec t ion  of the  
d i s t r i b u t e d  network model. The complex 2 x 2 a r r a y s  AR, BR, and CR are 
used t o  store the  t ransmission parameters during matrix mul t ip l i ca t ion .  
The f i n a l  va lues  of the  t ransmission parameters are converted t o  the  com- 

This funct ion uses a counter  N t o  keep t r a c k  of &he number of l o g a r i t h -  

This  subrout ine computes the  admittance parameters f o r  the d i s t r i b u t e d  

hese are entered as appropriate  
he va lues  spec i f ied  f o r  N1, N2, 
ious ly  computed values  of DR, ER, 
n of tla admittance parameters f o r  

c i f y i n g  NSECT(1) = 0 

a r ray  t o  take account of the  e f f e c t  
i s b l e s  are i n  comon. It  uses two 

h ich  a r e  i n i t i a l i z e d  t o  zero,  then 
that i s  t o  be el iminated from the  YR 
are those corresponding wi th  the nodes 
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a t  which VCVSs are connected. The columns t h a t  a r e  e l iminated are those 
assoc ia ted  wi th  e i t h e r  the  c o n t r o l l i n g  node vol tage  o r  the  node a t  which 
the source is  located.  Before e l imina t ing  the  spec i f i ed  columns, the  
cons t r a in ing  opera t ions  are made, i . e . ,  the  column t o  be el iminated is 
added  t o  the  column which i s  not  e l iminated a f t e r  f i r s t  being mul t ip l ied  
o r  divided by the  ga in  of the  source. It should be noted t h a t  the  data 
must no t  spec i fy  t h a t  a given column be el iminated more than once. I n  
addi t ion ,  the  order  i n  which the  data f o r  the sources  i s  read i n t o  the 
program must be such t h a t  no opera t ions  a r e  made on a column a f t e r  i t  has 
been el iminated.  
Fig.  Sa. It i f  is des i red  to e l imina te  nodes a and b, then the d a t a  f o r  
source A must be enetered before  the  d a t a  f o r  source B. On the  contrary,  
i f  i t  is  d e s i r e d  t o  e l imina te  nodes b and c, then the  data f o r  source R 
must be entered beEore t h a t  f o r  source A , .  I f  nodes a and c a r e  t o  be 
el iminated,  the  order  i n  which the  d a t a  is  entered is a r b i t r a r y .  S imi la r  
conclusions hold f o r  a p a r a l l e l  connection of Sources as shown i n  F ig .  5b. 
If nodes a and c a r e  t o  be el iminated,  then the data f o r  source A must be 
entered before  t h a t  f o r  source B ,  I f  nodes a and b a r e  to  be el iminated,  
then the  d a t a  f o r  source B must be entered before t h a t  f o r  source A. 
F ina l ly ,  i f  nodes b and c are t o  be el iminated,  the  order  i n  which the  
data i s  entered i s  a r b i t r a r y .  

SUBKOUTINF. CMaED 

rithm described i n  (9) .  A l l  input  and output v a r i a b l e s  are in common. 

SUBROUTINE PLOT (Y, M, kS, NS) 

s i o n a l  Y a r ray .  The va r i ab le  Y(1,J)  i s  used t o  s t o r e  the  J t h  value of 
the Xth va r i ab le  t h a t  i t  is des i red  t o  p l o t .  The dimensions on the Y 
a r r a y  a r e  (5,100), thus,  up t o  100 values  of each of f i v e  va r i ab le s  can 
be p lo t t ed .  The argument M s p e c i f i e s  the  number of var i ab le s  t h a t  a r e  t o  
be p lo t t ed .  This  argument must have a value from 1 t o  5. The argument 
NF s p e c i f i e s  the  number of va lues  of each v a r i a b l e  t h a t  a r e  t o  be p lo t t ed .  
This  argument i s  normally s e t  t o  some mul t ip le  of 10 between 10 and 100. 
I f  i t  is  des i red  t o  conta in  the  p l o t  on a s ing le  page, NF should be set 
t o  50. The argument NS determines the  maximum value of the  ord ina te  s c a l e  
t h a t  i s  des i red .  The minimum value of the  s c a l e  i s  automatical ly  s e t  to 
100 u n i t s  lower, thus, the  d a t a  which i s  t o  be p lo t t ed  must be scaled so  
as t o  f i t  wi th in  this  range. The arguments l i s t e d  above a r e  automatical ly  
determined by the  input  data t o  the main program. I n  the main program the 
Y a r r a y  i s  used t o  s t o r e  the magnitude d a t a  and the  Z a r ray  is used t o  
s t o r e  the  phase data. Thus, i f  both magnitude and phase p l o t s  a r e  des i red ,  
the subrout ine PLOT i s  c a l l e d  twice, once t o  p l o t  the data s tored  i n  the  
Y ar ray ,  and a second time t o  p l o t  the  data s tored  i n  the Z array. A 
d e t a i l e d  d e s c r i  t i o n  of the  opera t ion  of t h i s  subrout ine may be found i n  
the  l i t e r a t u r e .  

MAIN PROGRAM 

o u t l i n e  given i n  Fig.  4. The mult iple-case f ea tu re  provided i n  DLA.NET, 
however, may be b e t t e r  understood by examining the  extended flow c h a r t  
shown i n  Fig.  6. This  c h a r t  shows the  use of the  va r i ab le  NREP i n  de t e r -  
mining whether o r  not mul t ip le  cases are t o  be computed. If a blank card 
(NREP p: 0) i s  used, then the  e n t i r e  program is  repeated, and a complete 

For  example, cons ider  the cascade of sources  shown i n  

This  subrout ine reduces the YR a r r a y  t o  a 2 x 2 array using the a lgo-  

This  subrout ine provides a p l o t  of the  d a t a  s tored  i n  the  two dimen- 

I;: 

The opera t ion  of the  main program follows q u i t e  c lose ly  the  general  
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new s e t  of d a t a  must be supplied.  The same is t r u e  i f  NREP i s  read i n  
as 4. I f  i t  i s  d e s i r e d  only t o  modify the  va lues  of the  ga ins  of the  
VCVSs, then MREP i s  read i n  as 1. I n  t h i s  case,  a f t e r  reading i n  the 
new va lues  of the  gains ,  the  o r i g i n a l  frequency data  i s  used t o  repea t  
the  domputations, I f  i t  is des i red  only t o  modify the  d i s t r i b u t e d  network 
c h a r a c t e r i s t i c s ,  then NREP i s  read i n  as 2 .  I n  t h i s  case a f t e r  reading 
i n  new data f o r  the  d i s t r i b u t e d  networks, the  o r i g i n a l  frequency data i s  
used t o  repea t  the  computations. I f  i t  is des i red  only t o  modify the  
va lues  of the  lumped elements, then NREP is read i n  as 3 .  I n  t h i s  case,  
the  values  read i n  are superposed on the  previous values ,  thus,  t o  "remove" 
an element, the negat ive of the value o r i g i n a l l y  read i n  must be spec i f ied ,  
or, t o  change the  value of an element, only the  change should be read in .  
Af te r  a l l  such changes are made, the  o r i g i n a l  frequency d a t a  i s  used t o  
r epea t  the  computations, F ina l ly ,  i f  no d a t a  d a r d  is provided f o r  NREP, 
an EOF (end-of-f i le)  is used as an i n d i c a t o r  t o  procede t o  the  p l o t t i n g  
po r t ion  of the program. 

Detai led flow c h a r t s  and l i s t i n g s  of the main program and the  sub- 
rou t ines  described above may be found i n  the  appendix of t h i s  r epor t .  

V. EXAMPLE 
As an example of t he  type of computations performed by t h i s  program, 

consider  the  network shown i n  Fig.  7. 
cussed by Kerwin.' 
rad/sec of t h i s  network using a 5 s e c t i o n  model f o r  the  d i s t r i b u t e d  ne t -  
work, and t o  repeat the  computation f o r  a 10 s e c t i o n  model, the  data  cards 
shown i n  Fig. 8 are required.  The r e s u l t i n g  computer output is  shown i n  
the following shee ts ,  Figs.  9-13. 

This network w a s  o r i g i n a l l y  d i s -  
To make a logari thmic frequency p l o t  from 0.1 t o  10 
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Variable  Columns 

LTR 1- 80 

NN 1- 3 

ND 4-6 

NF 7-9 

NSY 10- 12 

NSP 13-15 

W G  

LPHS 

KPLT 

WRQ 

OLDG 

FA 

PB 

' 16 

1 7  

18 

19 

20 

21-30 

31- 40 

41-50 

Format 

8A10 

I3  

I3  

I3 

I3  

I3  

I1 

I1 

11 

I1 

11 

E10 * 0 

E1O.O 

E1O.O 

Purpose 

Alphanumeric i d e n t i f i c a t i o n  f o r  
problem 

Number of nodes (not  counting 
re ference  node) 

Number of d i s t r i b u t e d  elements 

Number of f requencies  a t  which 
response is t o  be ca l cu la t ed  

Maximum ord ina te  scale va lue  f o r  
p l o t  of magnitude response 
(minimum is  100 u n i t s  lower) 

Maximum ord ina te  s c a l e  f o r  p l o t  
of phase xaaponse (minimum is 
100 u n i t s  lower) 

I n d i c a t o r  f o r  u n i t s  dkf requency  
(1 is rad/sec,  0 is Hz) 

I n d i c a t o r  f o r  magnitude u n i t s  
(0 is db, 1 is l i n e a r )  

I n d i c a t o r  f o r  Uhase computation 
(0 is no, 1 is yes)  

I n d i c a t o r  f o r  whether p l o t  is 
des i r ed  (0 is yes,  1 is no) 

I n d i c a t o r  f o r  type of frequency 
scale (0 is l i n e a r ,  1 is logari thmic)  

Gpin of f i r s t  vol tage-control led 
sau rce  (used only i f  NGAIN 

) is s e t  t o  zero) 
- 

Lowest frequency des i r ed  

Hiehest  freauencv dhs i red  
Y 



SCALE 51-60 E10.0 Scale f ac to r  for magnitude p l o t  

SCAW 61-70 E1O.O Scale f ac to r  f o r  phase p l o t  

DUN 73. 11 Indica tor  f o r  punched qpltput 
(0 is no, 1 is yes)  

NGAIN 72-74 I 3  Number o f  VOltag@-CQntrQlled 
voltage sources 

Note: There w i l l  be N G A I N  of the following cards required. An alternate 
data  input  may be used i f  there  is only one VCTls and i t  is  connected from 
node 3 t o  node 2. I n  t h i s  case set  NGAIH (cols.  72-74) of card 2 t o  0, 
en ter  the gain of the VCVS i n  cols.  21-30 (format E1O.O) of card 2, and 
sk ip  the following card (card 3). 

3 N G l ( 1 )  1- 3 I3 Node a t  which the I t h  VeVS is 
located) (the other tmminal  is 
assumed t o  be grounded) 

N63('1) 7- 9 de a t  which the cont ro l l ing  
l t age  f o r  the I t h  VCVS is located 
&en with respect t o  ground) 

JL (1 1 13-15 ode ( e i t h e r  N G l ( 1 )  or  NG3(I)) 
at i t  is desired t o  e l iminate  

taking account of the  con- 
ra ining e f f e c t  of the I t h  VCVS. 

WI) 21-30 a i n  of the I t h  VCVS 

As many of the following cards may d as are required; 

4 I 1- 2 F i r s t  node t o  which lumped element 
(or elements) is connected 

J 3-4 cond node t o  which lumped ele- 
ment (o r  elements) is connected 
(0 i f  ground node) 

BA 11-20 lue of res i s tance  of lumped 
element i n  ohms connected f rom 
node I t o  node J (zero i f  no 
r e s i s t o r )  

CA 21-30 E10-0 Value of capacitance of lumped 
element in farads connected from 
node I t o  node J (zero i f  no 
capaci tor)  



5 Blank card ind ica t ing  the end of set of No, 4 cards 

Note: There w i l l  be sets of the following cards Nos. 6-12: 

6 NOPT 1- 3 I 3  

13 

I 3  

I3 

I3 

Indica tor  f o r  type of data 
describing I t h  dfs t r ibu ted  
network (1-linear taper,  2- 
exponential  taper;  
>values of a l l  aec t lans  read in ;  
4-polynomial taper)  

Number of sec t ions  t o  be used in 
I t h  d i s t r ibu ted  network (set t o  
zero i f  da ta  is same as for  (I-1)th 
d i s t r ibu ted  network) 

Number of node t o  which one end 
of resistive layer of I t h  d i s t r i -  
buted network is connected ( w e  
N N + l  if t h i s  is the ground node) 

Number of node t o  which other  end of 
r e s i s t i v e  l a y e r  of I t h  d i s t r ibu ted  
network is connected ( w e  NN+1 if 
t h i s  is the ground node) 

Number of node t o  which capaci t ive 
l a y e r  of I t h  d i s t r ibu ted  network 
is connected (use NM-kZ i f  this is 
the  ground node) 

I f  NOP-1, the  following card is required: 

7 RT 1- 10 E1O.O Tota l  value of res i s tance  o f I t h  dis- 
t r i bu tad  l i n e  

GT 11-20 E1O.O Tota l  value of capacitance of I t h  dis- 
t r i bu ted  l ine 

I f  N O P P 2 ,  the following card is required; 

8 ALF 1- 10 E1O.O Value of the constant alpha w e d  
i n  exponential t aper  for I t h  dis- 
t r i bu ted  Wnaa 

RA 11-20 E1O.O Resistance per  u n i t  length a t  
N l ( 1 )  end of exponentially tapered 
d i s t r ibu ted  line 



RB and CA; i f  ALF.0 and 
RA, CA, and G8. 

If NOPTI3, the following cards are 

and C w i l l  be calcula 

9 m(1, J) alues of resistaye 
ect ions of Ith Biotr 

10 aluczs of capacitance 

If NOPT4, the fb lhwing cards are 

11 wz 1- 3 gree of polynomial used in 
proadmating taper of I th  

ributed l i n e  (zero degree 
ictient i o  mmaaed set to unity) 
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After t he  ND sets of cards spec i f i ed  above the  following card is read: 

13 NREP 1-3 I3 Repet i t ion ind ica to r  card 

Mote: 
l a t i n g  t h e  values for the  f i r s t  problem. 
used i n  t h i s  case. The following other  options are avai lable:  If 
NREPS1, the program w i l l  read new values of GA(1) (I=l,NGAIN), and repeat 
the frequency determination. ( In  t h i s  case a single. data card is used t o  
read GA(1) i n  format 8E10.0); i f  NREPm2, the program w i l l  re-read a set 
of ND groups of card Nos. 6-12 specifying the  da t a  f o r  the d i s t r ibu ted  
networks; i f  NREP.13, t he  program w i l l  read any data  cards of type No. 4, 
u n t i l  a blank card (No. 5) is  encountered (such input  w i l l  superpose 
i t s e l f  upon the  input  f o r  the lumped elements read on the  f i r s t  cycle! 
of the  program); i f  NREPm4, o r  i f  a blank card (NREP=O) is used, the 
e n t i r e  read cycle w i l l  be repeated s t a r t i n g  with card No. 2. 

I f  Card 13 is omitted, t h e  program w i l l  p l o t  the data  a f t e r  calcu- 
No o ther  da t a  cards m u s t  be 



F l o w  Chart for DLANET Program 

Start  
4 
L 

Read and print  t i t le  information, store i n  LTR array 

JX 1 

+If 
NREP = 0, PHSD 0, IX = 0 

I 
\L 

Read and print input information 

Zero R and C arrays 
Jt 
4 

S e t  NGAIN = 1, N G l l  = 2, Read N G l i ,  NG3i$-,- Is NGAZN 7 0'2 No P Y@8 
JLi, GAI (1. CJ 1, NGAIM) NG31 - 3, JL1 = 3, GA1 = OLDG 

T 
Print data on controlled 

sources 

I I 

Read I, J, RAY CA 
--L 

IS I = 0'2- Y0 8 

. .__ 
Yes 

RA 38 1/RA 
4 



Flow Chart f o r  RLANET Program (page 2 )  

I; --Is J ~ ~ ~ ~ ?  

j i  
Add CA to  C and s u b t r a c t  from C and C 

j 3  i j  
I- --5 J 
at--------- Addto cii 

Is NREP PO? Yes - -. 
1. ,k No 

C a l l  DISRP subrout ine 
t o  read and p r i n t  da t a  

f o r  d i s t r i b u t e d  elements 

{'J, 

IS N R ~ P  > 02 Pes \ 
f l  

1 

Is KRAD > O t  Pes ) P r i n t  "Values of  
NO 

' P r i n t  "'Values of 4- 
frequency a r e  i n  Hz" frequency are i n  rad/p;ec" 

L I . I - -I 
)Compute d a t a  

7---- - 
--IS LPRQ > OP 

f o r  XL4 funct ion 

P r i n t  "'Log frequency plot"  
NG, LOG1, Lo62 

NO Yes P r i n t  "Linear < 
frequency plot' ' 
MI?, FA, FB 

PKEQ = FA 

.1 J1 
Jf 

u i DF (PB-PA)/NF 
-.----+--- - -- - - - -- 

C a l l  func t ion  XL4 to  
generate  next  frequency 

.r 
PREQ = FREQ + D F C  No Is LFnQ > 01 Yes 

-+- /-- 
Is FREQ 4 FB + . O O O l P  

I No 

L 



Flow Chart fo r  D M E T  Program (page 3) 

RAD 2zFREQ 4- No -IS KRAD P O ?  Yes >RAD = FREQ 
FREQW = FREQ FREQR = FREQ/2n 

I t 
J/ 

Zero PR a r ray  (complex) 

Se t  i = 1 
\t 

i =  i + l  Is i < N D ?  
Yes 

Add R a r ray  to  r e a l  p a r t  of YR a r ray  
Add C a r r ay  x RAD t o  imaginary p a r t  of YR a r r ay  

J. 
Call  CONST subrout ine t o  reduce YR 
a r r a y  to  take account of e f f e c t s  of 

the source 
\1 

C a l l  CMRED subrout ine t o  reduce 
the  YR a r r a y  t o  a 2 x 2 a r r a y  

4 
Compute VXM and VXMDB 

3. 
1x = IX + 1 

.L 

--=---I Is LPWS 7 O? 
I 

Compute PHSD 

Z(JX,IX) = PHSD x SCALP 
J 



Flow Chart: for DLANET Program (page 4) 

Print FREQH, VXM, VXMDB, PNSD 
'4 

Punch PREQH, RAD, VXIM, VXMDR, PHSD 

J No Yes -2 
-_ 1s LMAG > O ?  

Y (JX, IX) = VXMDB x SCALE Y(JX,IX) = , V X M  x SCALE 

IX = 0 

JX = JX 4- 1 

Read NREP 

I 
J 

3- 
1 

Is there an EOF? Yes 

Initialize counter NLG for 
XL4 subroutine 

b 
FREQ ,= FA 

Print 

GA(1) (1~1, NGAIN) 

(page 2) (page 2) 

G 
"Problem number , '' JX 
Value of NREP? 

& 

Print ?'Changes in 
lumped elements" 

1 
0 



Flow Chart for DLANET Program (page 5) 

I s  KPLT 7 O? Yas 
i 
I + 

Print: LTR, SCALE,-N;---I~ LMAG > 01 Yes >Print LTR, SCALE, 
"Db plot" "Mag plot" 

_I 
JX = JX - 1 

4 

\1 

Call PLOT subroutine t o  plat  
the JX variables stored 

i n  the Y array 

Is LPHS > 01 

J, Yes 

Print LTR, SCALP, 
"Phase (deg) p l o t "  

Call PLOT subroutine to  p l o t  
the JX variables stored 

i n  the 2 array 

stop 

\1 

.1. 



Flow Chart for DISRP subroutine 

Read NOPT, NSECTi, N l i ,  N2i, N 3 .  1 and p r i n t  
4 

NZ = NSECTi 

Is NZ 5 O?-Print "See preceding network" Yes 

..e 1 I No 6 
Value of NOPT? 

I 1  
Read RT, CT 

RT = RT/NZ 
CT = CT/NZ 

Set  RD = RT ( j  = 1, NZ) 

Se t  C D i j 7  C; ( j  1, NZ) 

4 

J 
i j  4 

P r i n t  RT, CT 

Q 
2 

df 
Read ALF, RA, RB, CAY CB 

s 
Is ALF > 01 

ALF and RA (jid 1, NZ) I No 
-IS BB > O ?  1- 1 Yes 

CA and CB RA and RB 
Compute ALP from Compute ALF f r  

I I.--+-- 



F l o w  Chart for DISRP subroutine (page 2) 

Read RDij ( j  =i 1, NZ) 

Read CDij  ( j  = 1, NZ) 
1 

JI 
L 

Read NP, R I ,  G I ,  XT 

Read P ( j  = 1, NP) 

Set  j = 1 
j \ 1 .  

AP 'f" 1 

' k  
AP =i AP + Pk x X (k = 1, NP) 

J 
RD = RI x AP 

i j  J 

CD = C I  1 AP 
i j  

I JI 
j = j + l <  Is j < NZ? 

/F Yes 

Print RD (j = 1, NZ) 

Print CD ( j  = 1, NZ) 
i j  ,J, 

i j  
J <  

i = i + l <  Is id ND? Y e  s 1 No 
Return 

I 



Flow Chart for XI4 Function 

Start 

Convert input arguments 
to floating-point format 

J 
AA = (N/LP) i" LO 

J. 

.L 

-7 Is A A >  07 

. xL4 10 AA 
1 No 

XL4 = l/(1U0jy 

L *.--- " 1 
Return . 



Flow Chart for YDIST subroutine 

Start 

KK = number of sections in 
jth distributed network being computed 

\1 

J, 

3. 
Set CR array to identity matrix 

Find transmission paraketers for ith section 
B R ~ ~  = 1 + j [cD~~ x RD 

BRL2 = RD + j0 
x RAD] 

ji 

ji 
BR21 = 0 $. j [CP x RAD] 

ji 

BR22 =I1 + j0 
4 

Set CB array to AR array times BR array 

--Is i 4 KK? 
L 

i =E i f l+Yes I -  
Compute 2 x 2 y parameters, store as 

DR, ER, and GR 
1 

1 
Compute 3 x 3 indefinite y 

parameters and add to YR array 

Re turn 



Plow Chart for CONST subroutine 

ll_l_ 

Is 1 = N G l . ?  >NREi - 1 I :"' Yes 1 
+NCEi = 1 

Yes Is i 5 JL.?  
J b- 

Start  
\1 

1 Is NREP > O?-Yes 
I 

3. 
Set i - 1 

_II i n  = i n  -k 1 
4% 

Is Nmin > 01 Yes 

-l I s  i n  = i? 
I Yes I No 

$ <  

\1- 
i n  = i n  f 1 

I s  i C NM? Yes 

! 
j. = i + 14-------- 



Flow Chart for CONST subroutine (page 2) 

Set i = 1 

k = NGli 

R = NG3i 

4 

_I _--- ~ 

* TLi 
jt 

Is L = m?-yYes 
NO 

Set YR = YR f YR /GAi 
jk jk jk 

(j 5 1, m) 
= YR f YR x GAi 

ja 
(j 5 1, NM) 

I 2 
\1 

- i 5 i + 1-1s i C H G A I N ?  
Yes 

i No 
Set i = 1 

Is NCEin = 01 
1 

-----+in = in + 1 +- 
Yes 

Yes 
i No 

(j = 1, 

&--- 

\1 
I 

j,in Set YRji * YR 

in = in C 1 

i = i e l <  Is i 4 NM? Yes 

i 
Re turn 



Plow Chart for CMREII Subroutine 

NP a; NA - 1 
4 

Set j - 1 
--+ J. --- 

Set i - 1 
x YR na,j ’ YRnarna 

- 

Is i c NP? 

Is j < NP? II_-- 

I 
YQS 

j = j + l (  

NA = NA - 1 
J 

I 
k k + lC-------- Is k < NZ? Yes 

Re turn 



28 

Flow Chart f o r  PLOT subroutine 

7 _____;)L__- S t a r t  
4 

Se t  N=pO 

P r i n t  o rd ina te  sca l e  

Enter ord ina te  coordinate  
symbols i n  LINE va r i ab le  

L 
-I - _ _ ~  Is N a mul t ip le  

of 101 Yes 

J, 

I ’  
/ -Is NmO? 

No 1 Yes 

i No 
Enter absc i s sa  coordinate  
symbols i n  LINE va r i ab le  

I = l  
__-I_- I 

P r i n t  N, LINE 1. 

1 
E!t:thin- ordina te  scale No -_-_- 

1 Yes 

i Enter symbol f o r  y 
i n  LINE 

v a r i a b l e  

Enter $ 
i n  LINE 

va r i ab le  
f I I- 

I = I +  1-1s I c: M? 

Is N of a m u l t i p l e - r i  101 

P r i n t  LINE 
and Y(1,N) 

J/ 
P r i n t  N,  LINE 

and Y ( 1 , N )  

4 % / / L / 

\1 
L 
J, 

\ -r 

S e t  LINE t o  blank 

N - N - t - 1  

- Is N S N F ?  Yes 

I No 

f 

.L 
Re t u rn  



105 FORMAT 13X,11(14r6X),6HY(l,I)) HU-E L S !J A-N 
G O T O  115 HUE L 5 FAA N 

1.10 I F  (N/10-(N-l1/10) 125r125*115 H U E L 5 M A N 
- HUE t SMA N 

115 ND=O HUELSMAN 
DO 120 I=l,lO HUE L SPA A N 

- CONSTRUCT ----- ORDINATE GRAPH LINE 



COMPLEX Y R  HUE L S M A  N 
HUELSMAN -. -_ ~ ____-------L.....-- 

- NA=NN-NGAIR 
I NZ=NN- ( 2+NGA I'N 1 HUEL SPAN 

HUFLSVAN IF (NZ.LT.1) RETURN 



140 I N = I N + l  HUELSPAN 
UELSMAN 

DO 1 6 5  I = l * N G A I N  HUELSMAN 
K=NCl( I )  HUE L S  MAN 
1 =&GI1 7 1 H U E L S P A N  
M=JL( I )  HUELSMAY 
I F  ( L o E O ~ M )  GO TO 1 5 5  HUELSMAhl 

150 Y R ( J , L ) = Y R ( J , L ) + Y R ( J , K ) + G A [ T )  HUELSMAN 
HUEL S A  A N 

5 - U = l L N M  __- -,+--...+-- .. .--- YUELSMAN 
0 Y ~ ( J , K ) = Y R ( J , K ) + Y R ( J , L ) / G A l f )  HUELSMAN 
5 CONTINUE HUELSMAN 

f H U  E L  S?UN 
HUE L, SM A N 

1 7 2  IF (NCEfIN)) 1 7 5 * 1 7 5 + 1 7 0  HUE L SVA N 

H LJ E L S 44 A N 
HUFLSFrAhl 
HUELSMAW 

1 8 0  YRIJ+I)=YRtJgIN) HUFL SMA & 
1 8 5  I N = I N + l  HUE L SfiAAN 

XfiU-E __I__ _!iU_E.LSMA 8 



1 E15 .8 )  HUELSYAN 
H II E L-S f4A-N- 

C T = C T / D I V  HUE L SrJAN 
DO 1 7 5  I A = l , N Z  HUELSMAN 

k i  IJ E t 5 A.N. 
1 7 5  C D ( I , I A ) = C T  HU E L SV A N 

HUELSWAN P R I N T  1 7 6 r R T t C T  





105 FORMAT (Z I296X,2E lOoO)  HUE L S * E A  r\: 

114 FORYAT ( 1 x 9 2 1 5 ,  2E15.3) HUF L S"JA N 
- HU EL Sh".PAN 

R A =  1 / R A  HU EL S V A S  
I F  ( J a E Q I O )  GO TO 1 4  HUE L S ,P A F! 

I IF-  (-RA ) 10-4 9-103 9 lo$-_ ---- 



C A L L  -_ CONST - H-U F L2. F A A  N 
C A L L  CURED YUELSs"AN 

H U E L S M A N I X = I X + 1  

Z { J X * I X ) = P H S D * S C A L P  HUELSMAK 
I._____._ I M T  145 l _ - _ _ _ l I I _  1 J X  9 I X 9 FREQH --- *RAD ,VXM, VXMDB 1 PHSD _HUE L 5 M P  N 
RMAT ( lX9215,5€-2O-*8)  HUE LStJA k 

IF (KPlJM.GTrO) PUNCH 200,IX,FREQH1RAD1VXM,VXMDB,PHSD HUELSMAN 
AT_u4,~13~%EJ5_._8 1 HL!fLS ?AN 
LMAC 1 HUE L 5 t@ A N 

HUELSPAN 
W E  1 SPAT 
HUE L S Y A I\ 

1 3 7  9 137 B 1 3 6  

o_-?-.-_ 1341__ -.--__- 
(JX,IX)=VXMDB*SCALE 

HUELSVAPI 
_.-_-_ ..'. - , . . - . - . - . - . . - - d U E t S % M  

HUELSYAh 
HUE L S FAA R 
H U EL 5 !<A 8 

HUELSPAh 
HUELSMAY 
HUELSPAA 
HUELSVAh 

HlJE L 5 b.4 A r\l 
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Fig. 1 
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3 
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Fig. 2 

1 
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4 
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5 
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Fig. 3 



Read and p r i n t  a1 input data  and 

Call DISRP subroutine t o  read and p r i n t  data  
f o r  the d i s t r ibu ted  networks 

Se lec t  a frequency u s i n i  XU ( i f  a l o g a r i t b i c  
frequency scale is desired)  o r  d i r e c t  

computation ( i f  a l i nea r  frequency scale is desired)  

I 
j ,  

C a l l  YDIST subroutine t o  compute the admittance parameters 
of t he  d i s t r ibu ted  elements, and s t o r e  them i n  the 

admittance matrix fo r  the  DLA network 

1 
Compute the admittance parameters of the 

lumped R and C elements and s t o r e  them 
i n  the admittance matrix 

C a l l  CONST subroutine t o  reduce the admittance matrix 
by introducing the cons t r a in t i  produced by the VCVSs I 

1 
C a l l  W E D  subroutine t o  reduce the  admittance 

and phase of the vol tage t r ans fe r  function 
matr ix  t o  2 x 2, and ca lcu la te  the magnitude 

Have computations been made a t  a l l  the 
spec i f ied  frequencies? No 

G 

I Yeas 

Call PLCrr subroutine to 
p l o t  the  magnitude and phase da ta  

-1 
Stop 

Flow Chart fo r  the Dig i t a l  Computer Program DLANFJT 



S t a r t  

Read and p r i n t  t i t l e  information 

Se t  NREP = 0, read and p r i n t  input  d a t e  and 
da ta  f o r  VCVSs 

\1 
J, <---- --__---- ___ 

Read arid p r i n t  d a t a  for''1umped R and C elements 

Is NREP 01 
J, 

1 I Yes 

-3 I No _I 

t JI 

d i s t r i b u t e d  networks 
Call DISRP subrout ine t o  read and p r i n t  da t a  f o r  

\1 
\ . Is NREP > 01 

1 Yes 

. -- 

Have computations been made a t  a l l  
the  spec i f i ed  frequencies? NO 

/, Yes 

Read NREP 

Is t he re  an EOF? P l o t  t h e  magnitude 
and phase da t a  

s t o p  

J. 
'Pes 

1 
-- 7 Yes IS NREP = 01 ~- 

Read new 
values  f o r  
gains of 

'F 
vcvss 

Restore frequency v a r i a b l e  t o  i n i t i a l  va lue  

What is t h e  va lue  of NREP? _ _ I _ ~  

.1 4 2 

Fig. 6 Flow Chart f o r  Multiple-Case f e a t u r e  of DLANET Program 
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Fig. 5 

5 

Fig. 7 
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